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Introduction 




This manual applies to the development of game software and explains power up booster 
"32X" hardware functions for the MEGA Drive. 



Manual Configuration 

This manual is composed of the following chapters. 

Chapter 1 Introduction to the 32X 

Introduces the main function of the 32X. 

Chapter 2 Configuration 

Explains the hardware configuration and purpose of each 





re part. 




Chapter 3 Functions 

3.1 Mapping 
Explains the layout on CPU address space of eg 

3.2 Registers ^%, 1 
Explains the meanings of register and buffer fiinet«?R sequence and address, 
also Set values. .;;" Jffl^ 

3.3 VDP %£ TJ# 

Explains functions as image dajS'Slmatting, screen shift, character overwrite, 
and Fill. 

3.4 PWM 

Describes the PWM sound source aad#l PCM da&plavftnethod. 

3.5 SH2 



Explains the main CPU features and its communication with the MEGA Drive 






Chapter 4 Accessing the 32X B^-k 

Explains about re^Stersand buffers that canfe accessed from each CPU, the 
method of taking afccess authority, and access * 





Chapter 5 Miscellaneous 

5.1 BootROfe 

Explains operations from when the power is turned on until executing the 
application. 

5.2 Security 

Explains areas decided by previous uses of the cartridge ROM. 

5.3 Restrictions 

Explains cautionary points in creating applications. 
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Terminology 

RISC (Reduced Instruction Set Computer) 

This computer architecture improves performance by simplifying instruction specifica- 
tions and has simplified hardware achieving a high efficiency pipeline (parallel process 
of instructions within the computer). 

SH2 (SH7095) 

At the core of the RISC-type CPU in the Hitachi original microcomputer is a 32-bit 

divider and cache memorv. 

■ 

Cache 

The cache is comparatively small size high-speed memory placed between the large size 
low-speed memory and the CPU. When data of the addresrtdije^ accessed by the CPU 
is stored in the cache memory, it is referred to as cacfee hits.and bpEause the data can be 
accessed, the CPU can be operated at high speeds. When £<k4$$$& data of to be accessed 
by the CPU is not stored in the cache memory it is re|err8^p as cache miss. The con- 
tents of the cache memory is replaced by data m the rria%^mtmory 




SDRAM (Synchronous Dynamic Random Access Memory) 

The SDRAM differs from the typical DRAN^daffc^tWo line address is held internally 
once. This is independently synchronized to the clock and transfers continuously 
separate from the internal DRAM c^raticjsyn^eedr 




DSP (Direct Signal Processor) 

Signal Processor containing a rugh-speeddivider. 



DMA (Direct Memory Access) 

Transfers data directly between ; tRe rhemory and peripheral units (I/O) or between 
memories without going through&ie CPU; UjStialy achieved by the DMA controller 
(DMAC). #4 T 






FIFO (First-In FirsM 

Method of outouttiiS§ iri the same order as inputting in the input/output operation of a 
buffer registerl»||pffer memory. 




Master / Slave 

Refers to the priority order of use authorization of a bus to which more than one proces- 
sor is connected. Master takes a normal bus authorization and slave obtains permis- 
sion of the master and takes bus authorization when slave bus access occurs. 
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1.1 Introduction to 32X 



The 32X is a power-up booster installed in the MEGA Drive cartridge slot This adds 
a bitmap screen of up to 32,768 simultaneous colors and stereo sound source that 
plays PCM data to the graphics and sound of the existing MEGA Drive. Two 32-bit 
RISC CPUs are mounted for starting screen graphics processing. 




New Screen Offered 

Frame buffer 1 Mbit DRAM x 2 (alternating draw/display) 

Maximum 32,768 colors, bitmap format 

3 mode data format 

Direct color / Packed Pixel / Run Length 




* Scroll by hardware, no sprites exist 

• New Sounds Offered 

Stereo sound source that plays PCM data 

D/A conversion by a PWM modulation (U-feit reSQlution) 

• High-Speed Microprocessor 
Two SH2 chips for the main CPU 
32-bit RISC chip with built-in pnxessiirallar^ci DSP 



Memory 

4 Kbyte Cache memory (built 

2 Mbit SDRAM (main memory) 

Development Language 
C Language, Assembly^ 
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2.1 32X Block Diagram 

32X is made up of the following parts (see Figure 2.1). 




MEGA Drive I/F Component (I/F chip built-in) 

32X Cartridge 

SH2 Component 

SDRAM (2 Mbit) 

Frame Buffer (lMbitX2) 

VDP Component 

Color Palette Component (VDP chip built-in) 

PWM Component (I/F chip built-in) 



These hardware resources (excluding the SH2 and SDRAM components) contained 
by 32X are directly controlled by the MEGA 0%e 68000 CPU. The ROM cartridge 
can be read from both the MEGA Drive andgg>C s toa^es and sound made by 32X 
are combined with images and sound made feyltheMEGA Drive. 






MEGA DRIVE l/F 



SOUND 




MIXED 

SOUND 



COLOR TV 



RGB 




MIXED 
RGB 




Figure 2.1 32X Block Diagram 
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2.2 About the 32X Block 





The role and features of each 32X block shown in section 2.1 is explained below. See 
chapter 3 for more information. 

MEGA Drive l/F Component 

This is an interface connecting the 32X to the MEGA Drive. The 32X hardware 
resources (graphics, sound, and communication with SH2) and cartridge ROM are 
mapped through the MEGA Drive I/F in the MEGA Drive main CPU (68000) ad- 
dress space. 



32X Cartridge Component 

The content of the ROM cartridge installed in the 32X cartridge s 
both the 32X CPU SH2 side and the MEGA Drive side 68000 (an 
less, SH2 has priority when conflict between the two exists. 




read from 
Neverthe- 



SH2 Component 

There are two SH2 chips as main CPUs mounted in the SSSX, and Jhe cartridge ROM 
is connected with 32X hardware resources (graphics < joj|nd;ano? ; Communication to 
68000) on a common bus. The 2 SH2 units are fixedlto theinaster and slave by 
packaged conditions; the normal master gets.faus atfthjfe|86n and slave gets bus 
authorization after obtaining permission of the majtefiftfejfte time of bus access. 
MEGA Drive hardware cannot map in Srj2 ac^esS%>ace. Conseauently, MEGA 
Drive information is indirectly received by^n'munications witfr'Se%8000. The 32X 
has a control register that issues interrupts fror%6$O0O to SH2, alFTFOregister that 
can send data written from the 68000 to the DMA built-in tfee, Stfi anil a register 
that is able to read and write from bot||the 68000 and SH2/|rii-readS%ita written 
from the 68000. 
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SDRAM Component 

The 32X has 2 Mbits of SDRAM (synchronous DRAM) as its main memorv for the 
SH2 chips . The SH2 program on the cartridge ROM is loaded in the SDRAM, then 
executed. The SDRAM arranges 16 bytes and reads to the buffer inside the chip; 
after which, in order to synchronize to the SH2 clock and transfer sequentially all 
data after the second data set can be transferred without any restrictions incurred by 
the operation within the memory- The SH2 is able to rapidly execute data replace- 
ment by combining with the SDRAM when cache miss occurs. 

Frame Buffer Component 

Memory that saves the display contents of one part of the color display is called a 
frame buffer. For one screen, the display flickers when rewrite does not finish in V 
Blank (vertical retrace line interval). Therefore, the memory is arranged as two 
screens in 32X and a method is used to alternately switcrrbetween the update screen 
and display screen. The frame buffer performs the switching operation with each 1 
Mbit and program. 




VDP Component 

32X VDP holds the frame buffer as a control seteen and controls the display of the 
color display. This screen combines MEQ^Driveiscrbll A, scroll B, and sprite as one 
screen in the front or back. The following threemo'des can be selected from data 
formats in the frame buffer. 




Direct Color Mods 

The direct color mode aliocatesi&K of l#>its to 1 pj^efoh the screen of which 15 

bits is used and indicates any color from^2,768 colois. 




Packed Pixel Mode 

The packed pixel modeailo&tes.each of 8 bits toil pixel onthe screen and colors 

indicated on the color palett^mentioned later and indirectly indicated. 



Hun Length Mode 

The run leng^mocIe^OGates 16 bits as a collection of identically colored pixels that 
continue with m,^|harfl pixel in the directioixof the scan line. Pixel numbers that 
are contmuouSv^vitHWof the 16 bits and colors indicated on the color palette with the 
remaining &b'(ts are indirectly indicated. 
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Color Palette Component 

The color palette is a 256 word RAM block. When in the packed pixel mode or run 
length mode, pixel data in the frame buffer selects colors (256 colors from among 
32,768 colors) indirectly selected here in advance. 

The color selection format is the same whether selecting per frame buffer in the 
direct color mode, or per color palette in the run-length mode. One color is 16 bits, 
of which 15 bits are used, and any color can be selected from 32,768 colors. The 
remaining 1 bit is called a priority-bit (through-bit); pixels indicated by this bit's 
color are displayed opposite to the MEGA Drive screen. For example, when 32X 
screens are combined in the rear as a single scroll A, scroll B, and sprite screen, only 
the pixels that indicated the color of this bit is displayed in front of the MEGA Drive 
screen. 



• 



PWM Component 

PWM (Pulse Width Modulation) replaces sampling data with thlpulse width and 
outputs the pulse width. If output is through an integrated c^iftearnplitude can 
be controlled by the pulse width. The 32X can regenerateJ^n!|gJ>CM wave data 
converted in advance for PWM. 
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3.1 Mapping 



The 32X hardware can be controlled from both the main CPU SH2 and MEGA Drive 
68000. As stated in the last chapter, the layout of each block in the address space of 
both CPUs is explained here. 

MEGA Drive Memory Map 

In using the 32X, the exclusive initial program provided by SEGA is laid out car- 
tridge ROM of 3FAH or more and jumped by the reset vector. To map the 32X in 
68000 address space, this program sets the ADEN (address enable) bit to 1, initializes 
the hardware, and executes the application. The figure below shows the 68000 
address space immediately after the power is turned on arid the initial program 
executed. 






Figure 3.1 MEGA Drive Memory Map 
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ROM Access When Using the 32X 

The 68000 vector area (000000H - 00OOFFH) is assigned by the custom built-in ROM 
Because the ROM contents are 00880200H, 00880206H, 0088020CH,.. After 880^00H 
(200H of the cartridge ROM), 6-byte JUMP commands are arranged into a jump 

Only when the RV (ROM to VRAM DMA) bit is 1 is it assigned bv the cartridge 

ROM to 100H - 3FFFFFH. ROM access from the SH2 at this time waits until 68000 
rewrites the RV bit to 0. 

When the RV bit is access is from 880000H - 9FFFFFH to the cartridge ROM. 
880000H - 8FFFFFH is allocated by fixing 000000H - 07FFFFH (4 Mbit) of the car- 
tridge ROM. In 900000H - 9FFFFFH, a cartridge area of 32 Mbits is divided into 4 
banks and accessed by the bank set register. 

When the 68000 and SH2 are accessed at the same time, the SH2 ha^prjority. Other- 
wise access is granted on a first come, first served basis: the second access .waits until 
the first is over. 

When the 68000 and SH2 access the same area at the same time^ the SH2 has priority. 
Otherwise access is granted on a first come, first served basisPifesecbnd access 
waits until the first is over. 



The MEGA Drive has a bank set register (A130F1HJ- A130FFH odd numbered 
addresses) for coping with a cartridge ROM that esoseds 32 Mbits. The RV bit 
should be set to "1" beforehand when accessing' here. ■■■, 



Access to the 32X VDP 

The FM (VDP access authorization) bit must fee before the Mega Drive can access 
the Mars frame buffer, overwrite images, VDP register or color paletl|. When the bit 
is 1. reads are undefined and writes a% ignored. Color palette.access^*rards only, 

not bytes, «wwjlL "^ a.^ir ^$' 

The frame buffer, overwrite image,yDP register, and^&r palette can be accessed 
from the MEGA Drive side only wJer^tHe FM (VDgaccess authorization) bit is 0. 
When this bit is 1, reads are uhde$ne<£ and writes are igrrore&Color palette access 
is in words only, not allowing b^access. 
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SH2 Memory Map 

The 32X has two SH2 chips mounted to a common bus- Consequently, memory 
maps of the two chips shown in Figure 3.2 are the same. The SH2 has a built-in 
cache memory for increasing the speed of command and data accessing. Access of 
identical components of the 32X can be accessed by two cache/cache through ad- 
dresses. In cases of the cache address, if is read if data of the address to be accessed 
is in the cache memory. If not in the cache memory, is read directly from that ad- 
dress, and the cache memory is replaced by the data. 




Caere Tfrtxcf* Acttesi CattBfldara? 

00000OOOH 



20OO0OOOH 

2OOO4OO0H 
200041 OOH 
2G0042QQH 

20OO44OOK 
22000000H 



2240QQQ08 



24040000H 



260G0QQQH 



00004000H 
000041 OOH 
00004200H 

00004400H 
02000000 H 



024OOO00H 



24000000H 04000000M 

24020000M 04020000H 



0**04QOQQH 



2e(M00C^H ■ ■'-Q6O4Q0QOH 




2600OOO0H OSQOOOOOH 



Boot ROM 



Super 32X SYS REG 




Overwrrte Image 






SMV.<:Vf«wW 






SDRAM 





Cannot be accessed when FM=0 

* Cotor palette can access only in words 



Cannot be accessed when RV-1 




Cannot be accessed when PU-0 
Jfc.4 word Write FIFO 








Figure 3.2 SH2 Memory Map 
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Cache Area Access 

Cache memory is memory used for rapidly supplying commands, operands and 
data to the CPU. The 32X accesses the cache after commands and data are loaded in 
the SDRAM. In 32X, after having loaded command and data into the SRAM, the 
catch access is performed. The 32X system register and VDP register, among others, 
must be cache-through accessed because values through the VDP or other CPU are' 
replaced and the contents of the cache can no longer be guaranteed. 

Cartridge ROM Acceaa 

Only when the RV (ROM to VRAM DMA) bit is can SH2 be accessed to the car- 
tndge RAM. When the RV bit is 1 and if accessing from SH2 to the cartridge ROM a 
wan occurs until 68000 replaces the RV bit with 0. The RV bit from SH2 can only 
read. J 




32X VDP Access 

Only when the FM (VDP access authorization) bit is 1 can the ha^^hg f over- 
write images, VDP register, and color palette access from the SH^cte. When the 
FM bit is 0, read is undefined and write is ignored. The color f^lefecarl'access only 
in words but not in bytes. 

The frame buffer and overwrite image have 4 word w 
clock cycles. Five clock cycles are required when co 

more. 




arid can write in 3 
Writing 4 words or 
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3.2 Registers 



32X registers are classified as shown below. Meanings of the address and set value 
of each register are also shown. 




32X System Register 
jMEGA Drive) 
Abie to use 32X 

Adapter control register 

Issues interrupt for SH2 
Interrupt control register 

ROM cartridge bank switching 
Bank set register 

Transfers data to SH2 DMAC 
DREQ control register 
68 to SH DREQ Source Address register 
68 to SH DREQ Destination Address register 
68 to SH DREQ Length register 
FIFO register 



Refresh signal output to cartndge 
register 

SEGA TV register 



Communication in both directions wit 
Communication port register 



Control of PWM Sound Source 
PWM Control register 
Cycle register 
L ch pulse width register 
R en pulse width r 
Mono pulse width r 





[SH2] 

Interrupt control tor SH2 
Interrupt mask register 
H Count register 
VRES interrupt clear register 
V interrupt clear register 
H interrupt clear register 
CMD interrupt clear register 
PWM interrupt clear register 




32X custom component activation 
Standby change register 




pMAC of SH2 
fpREQ control register 
68JQSH DREQ Source Address register 
68 tiSH DREQ Destination Address 

to SH DREQ Length register 
liFlFO register 



Communication ftrboth directions with 68000 
Communication pojj register 



Contrdi ofl|8M Sound Source 
PW^pbritPbl register 

yd* register 

ch pulse width register 
^ulse width register 
o pulse width register 
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VDP register 

Display mode selection 
Bilmap Mode register 

Frame butter switch 

Frame butter control register 

Screen shift 

Screen shift control register 

Data fill tor frame buffer 
Auto Fill Length register 
Auto Fitt Start Address register 
Auto Fill Data register 
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System Registers 



[MEGA Drive side] 

Using the 32X 

• Adapter Control Register 




(Access: Byte/Word) 



mds«m 

A15100H IFM: — J — ; — j — ;— j— i-| R pj-j-. i— j — ; — iRFsi^g j 



■5 14 13 12 11 10 9 B 7 6 5 4 3 2 1 

Read Only R/w p,w 



FM: 



REN: 



RES: 



ADEN: 



VDP Access Authorization 

0: MD (initial value) 

1: SH2 

SH2 Reset Enable 

0: Disable 

1: Enable 

Resets SH2 

0: Reset 

1: Cancel r 



Adapt 




ization by the initial program. 




^ USe of 32X 

use of 32X (initialization by the initial 
OTograjk Chaiige^oiallowed.) 




Switching access authorization is done while w 
aware that if writing to llWJyf MTis done by 
access authorization i%iorcedlo switch to MEGA 






(&ih©fM bit. Therefore.be 
|ye while SH2 accesses VDP, 

ve." 
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Interrupt Issued for SH2 

• Interrupt Control Register 



(Access: Bvte/Word) 





8,t 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 

A15102H I — : — : — , — ; — , — , — , — . | — ; — ; — : — , _,_ ^91^ 



INTS: 



n\TM: 



Slave SH2 interrupt command 
0: NO OPERATION (initial value) 
1 : Interrupt command 
Master SH2, interrupt command 
0: NO OPERATION (init value) 
1 : Interrupt command 



Both are automatically cleared if SH2 does not interrupt clear. 



Switches ROM Cartridge Bank 
• Bank Set Register 



Bil 15 14 13 12 11 10 9 8 7 6 

MDStde 

A15104H 1— — I — I — I — I 



l-l-l-l 



BKl 



8K0 Area seen in 90O000 -9FFFFF 

_Q | OOOOQOH-QFFgFFH 



1 



100000H-1FFFPFJT 



200000H-2FFFFFH . w 



30COOOH-3FFFFFH 





• 



20 



CONFIDENTIAL 




PROPERTY OF SEGA 



Transfers Data to SH2 DMAC 
• DREQ Control Register 



(Access: Byte /Word) 



Bit 

MDSide 
A15106H 



15 14 13 12 11 10 9 



8 7654 32 10 



FdT 



Rwhwp 



6SS _ I RV 



$ 




Full: DMA FIFO Full 

0: Can write 

I: Cannot write 

RV: ROM to VRAM DMA 

0: NO OPERATION (initial value) 

1: DMA Start Allowed 



The 5H2 side cannot access the ROM when RV =1. 
DMA, be sure that RV=1) Waits until RV value becomes 

68S 




g ROM to VRAM 
=0) before accessing. 



o 
i 



Mode 



No Operation 

CPU Write (68K writes data in FIFCp^ 



The internal system starts operation when 68S 
tion. It is automatically set to olfter DMA 



68K TO SH DREQ Source AddressKeglster 



if 1. Writing force-ends the opera- 



Bit 15 14 13 

MOSfda 

A15108H 
A1510AH 



Because the DREC&rircuTt does not use this da 

of CPU WRITE, 



^Access: Word) 




phothing needs to be set at the time 




32X Hardware Manual 



21 




CONFIDENTIAL 



PROPERTY OF SEGA 



68 TO SH DREQ Destination Address Register 



(Access: Word) 




BR 

MDSide 

A- 

m 



i1510Ch{ 
>1510EHL 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 

Bi 



T: 



Low Orde' 



Hiqn Order 



Sets the SH2 side (SDRAM) address. The DREQ circuit does not use this data. Thus, 
when the destination address is known beforehand by SH2, or when SH2 doesn't 
need to know, no settings are needed. 



• 



• 68 TO SH DREQ Length Register 



[Access : Word) 



Bit 

MDStie 

A15H0H 



IS 14 13 12 11 10 9 8 
RW 




Sets the number of data items (unit: word) to be sent io£W2 sidef The value to be set 
is in 4 word units. Low order 2 bit write is ignored (00 !$£$). Be^ure to set this 
register for CPU WRITE. At each transfer, this register^ f dec&ffiented and when it 
becomes 0, the DREQ operation ends. Transfer is d|ne^^times when is set. 
Read time reads the actual count value. *tm& " m 



FIFO Register 



Bit 
MDS.de 

A15112H 



15 14 13 12 11 10 



9 .8 7 

Wffle Only 



Data is written to this register 




is used 




(Access : Word) 



3 2^ 1 




WRITE. 
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Refresh Signal Output to Cartridge 
• 5EGA TV Register 



(Access: Byte/Word) 



Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

MO SUe 

A1511AH 





m 



CM 




CM: 



Cartridge Mode 

0: ROM (initial value] 

1: DRAM 



This is a SEGA TV exclusive register; use of this bit with other applications is 
prohibited. 



Access: Byte/Word) 



Communication in Both Directions with SH2 
• Communication Port 



Bit 15 14 13 12 11 10 9 *«&, 7 £1$5 4 

MDStoe FWy 




A15120H 
A15122H 
A15124H 
A15126H 
A15128H 
A1512AH 
A1512CH 
A1512EH 



m 



■■■■■ -■■-■ ■-" 
— 



■ m 



■ 









.- *, -v 



This is an 8 word bi-direCTK^a™gister. Read/v*%iteiii?ossible from both the 
MEGA Drive and SHB^jjrectiitns, but w|^rf^ritin^^the same register from both at 
the same time, the.f aluf ofethat register||ecornes undefined. Caution is advised. 
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PWM Sound Source Control 
• PWM Control Register 



bit 15 



14 



MD siae 
A15130H 



7 6 

Read Only 

RTF i — 



13 



12 



(Access : Byte /Word) 



11 



10 9 

Reap* Only 



6 



TM3 J TM2 



TM1 . TWO 



3 2 1 

RW R-W wj BAN 







RMDO 



RMD1 



LMDO 



LMDt 



] 



TM3 - : WM timer interrupt interval 

RTP: DREQ 1 occurrence enable (5H2 side only). 

0: OFF |' initial value! 

1: ON 



RMDO I RMD1 I OLrr^ 




1 







OFF 

R 

I 
Setting 
no! 
allowed 



LMDO 






1 
i 



■ 



LMD1 


OUT 





OFF 


1 * ^ 


t- 





R 


1 


Setting 




not 




a If owed 



• 



Both cannot be set to Leh or Rch. 



Cycle Register 




<-- 



Bi! 15 14 13 '2 11 10 9 '* - 

MDSide 
A15-32H 



6 5 4 



(Access: Byte/ Word) 




r-2 1 '•■•» 



The base clock frequencies of the'cycie registers are hxed : respectively: 

NTSC at 23.01 MHz and PAL at 22.8 MHz (set value x Scyc) becomes the cvcle. 

NTSC Scyc =-1/23.01 [MHz] PAL Scyc = 1/22.8 [MHz} 

The cycle counter does not operate when both Lch and R ch are orY. 
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L ch Pulse Width Register 



(Access: Byte/Word) 



BH 15 14 13 12 11 10 9 8 7 6 5 4 

MDSkte Readonly . Write Only 

A15134H \T~ 



FULL EMPTY 



1 




The value set by bit 11 -0 x Scyc becomes the pulse width. 

FL'LL: Conditions of pulse width FIFO 

Space available 
1: No space available 

EMPTY: Conditions of pulse width FIFO 

0: Data per FIFO 
1: No data per FIFO 

• R ch Pulse Width Register 



Bit 



15 



4: 




ess: Byte/Word) 



I4 13 12 11 10 9 8 '"%3 5"H4 



1 



MDSide Read Only 
A15136H FT" 



A 



x 
FULL EMPTY 



WnteOniv: 



,^'" r i > a. 



■»#■ 




See explanation of Lch pulse wMth renter.* 



• Mono Pulse Width Register 



Bit 







5 14 13 U*A„4(L9 8 7 6 \ 5^| 



MDSide Read Onry >& 

A15138H \j j y I ,~0»P : ;,\ " 

fuu. Ewprf ,# si 



Wnt s£ffl % 




ccess : Bvte/Word) 



Zl 






■< > 



See explanation '^feh'Blilse width register. Ikr 

\\4 - ■'• * >^' 

If writing ttftjfs register, the same value is written to both Lch and Rch. 

Note: Bits DO-DU of ail Lch, Rch. and MONO pulse width registers are write only. When read 
is performed, undefined data is read. Each PWM of Lch and Rch have three separate FIFO 
steps. 

When both the L and R channels are off, because the cycle counter does not operate, once 
the FULL bit is set to "1", it will not become "0" as long as the channels are not turned on. 
When either the L or R channel is on, b-.-cause the OFF side FIFO is also operating, no 
sound will be output; however, data within FIFO will disappear. If writing when FIFO is 
FULL, the oldest data is discarded andshift occurs one item at a time. 
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ISH2 side 




Interrupt Control for SH2 
• Interrupt Mask 



(Access : Byte/ Word} 



'.2 



SHSrte 

2000-IOOOH LiM 



11 10 9 8 7 6 
ReadOnlv R/W 



— ;— i— I — I — ^^ : 



ART HtNl — ! — 



3 2 10 

R;W R r v / ftyy ay; 



FM 



ADEN 



CART 



HEN. 



• 



CMD: 



PWM: 



VT>P Access Authorization 

0: MEGA DRIVE ( initial vaiuei 

1: 5H2 

Adapter enable bit 

0: the 32X use prohibited 

1: the 32X use allowed 

Cartridge insert condition 

0; Inserted 

1; No I inserted 

H INT approval within V Blank 

0. H INT not approved 

H INT approved 

V LVT Mask 

Mask (initial value) 

Valid 

H INT Mas 

Mask (initial Value) 

Valid 
Command Interrup 
0. Mask (initial value) ,; 



1: 

V: 



H: 

0: 

1: 



Vd 



lid 



PWM timer interrupt mask 

* * 

0: Mask {initial value) 
1; 





Otis register is mapped to the same address for both SH2 master side and slave side. 
But V, H, CMD, and PWM each possesses exclusive addresses on the master side 
and the slave side. Other bits are.common to both the master and slave sides. 
Please note carefully that if a "1" is written to the FM bit, access authorization is 
forced to switch to the SH2. side even if access of VDP is in progress in the MEGA 
Drive side. 



• 



H^.'l 
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• H Count Register 



(Access : Byte/Word) 



Bit 15 14 13 12 11 10 9 fl 7 6 S 4 3 2 1 o 

SHSiOe R/w 

2QOQ4004H ' 




Sets H int occurrence interval. Designates by the number of lines. 
= each line (initial value) 



VRES Interrupt Clear Register 



(Access : Word) 



Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

SH Side Write Only 

20004014H ' 







Clears VRES interrupt (interrupt caused by press 
If not cleared, interrupt will no longer occur. 



V Interrupt Clear Register 

Bit '5 14 13 12 11 10 9 

SHStfe ..,..Wrf 

2000401 6H 



&F 




Drive reset button). 



(Access : Word) 



5 4 3 2 10 




Clears V interrupt. If not clearcWSfftemjfp will no l^ngerlpccur. 



• H Interrupt Clear Register 



(Access : Word) 




longer occur. 
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CMD Interrupt Clear Register 



(Access : Word) 




Bit IS 14 13 12 11 10 9 

SHSide 

2000401 AH 



Write Only 



7 6 5 4 3 2 10 



Clears CMD interrupt (command interrupt). If not cleared, interrupt will no longer 



occur. 



• PVVM Interrupt Clear Register 



(Access : Word) 



Bit 

SHSrae 
200040 ich 



15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 
Wrtte Only 



mm 



Clears PWM interrupt. If not cleared, interrupt will no longer oc|ur. 
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Points to be Aware of concerning Interrupt 

- 

(1) 32X has VRESINT, VINT, HINT, CMDINT, and PWMINT, but among 
these only CMDINT has points which differ from other INT. Interrupt is 
enabled by the Interrupt Mask Register (20004000H) within the SH2 system 
register, INT occurs, and when INT is masked by the Interrupt Mask Register 
within the system register before that INT is received, the following will 
happen. 

i) VRESINT, VINT, HINT, PWMINT 

INT continues to occur until each INT is cleared 
ii) CMDINT 

INT is negated. But when CMDINT is enabled after CMDINT is not 

received, CMDINT is again asserted. 




In short, when ail INT occur before they axe maiked, tr|§ INT conditions will 
continue to be saved as long as that INT is n^^ig#But when Interrupt is 
masked only for CMDINT, INT will terna^iF^^appear. Still, because 
CMDINT information will be save<§teffagWki is not cleared, INT will again 
occur if CMDINT is enabled . 





(2) HEN (HINT authorization b||du^^ Blank) inside the interrupt mask 
register of SH2 is commo^^>ouf *§*&$ and Slave. The HINT occurrence 
interval is affected by thptHEI 



The value set in the H Cctifft regisjir is enabjJcC as|he next H Blank occurs, 
after being loaded in the internal counter wh% H (tankis negated. Also, the 
internal counter generates HINT as a resffc of the ftuJfbut when H Blank is 
negated the H Co ^^^s ter valu e is relolcl^^hWore, when the H Count 
register is set whSWBjBK does not occu|.(^|c^e it is not loaded in the 
internal countemntil I|e next H Mf%xdljj), HINT may occur according to 
the value prJSr raMting the H Count ' 






n H Count register = 0, 1 is se.tih the H Count register during H 
ffiH$pN = 0, HINT occurs wifun the second H Blank after the 
Blank is negated. 

ex 2) HlKnmt register = and H Count is set to 1 when H Blank does not 
occur. When HEN = 0, HINT occurs during the next H Blank. HINT occurs 
during the 2nd H Blank after the H Blank is negated because the H Count 
register setting (value) is loaded in the internal counter when this H Blank is 
negated. 
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Activating the 32X Custom Component 
• Stand By Change Register 



(Access : Word) 



0,1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 '0 

SH Slde Write Only 

200O4002h| ~ 



Use with system (Boot ROM). Access to this register from the application is prohibited. 



Receiving MEGA Drive Data by SH2 DMAC 
• DREQ Control Register 



(Access: Byte /Word) 



Bit 15 14 13 12 11 10 9 8 7 6 5 4 

SH Side Read Only 
20004006H pJUEMPTJ 



• 



See explanation of MEGA Drive register ioi 




• 68 to SH DREQ Source Address Register 



: Word) 



Bit 

SH Side 

20004008H 
200O400AH 



68 to SH DREQ Destination 



Bit 

SH Side 

2000400CH 
2000400EH 



(Access : Word) 



15 14' 


®mF 12 11 


10 


9 8 7 
Read Only 


6 


5 4 3 2 


1 












Hiqh Order 




Low Order 



See explanation of MEGA Drive side register. 
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68 to SH DREQ Length Register 



(Access : Word) 



Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
SHSkte ) Read Only 

2000401 OH 1 



g|~0 



(Fixed) 



See explanation of MEGA Drive side register. 



• 



FIFO Register 



(Access: Word) 



Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

SHStde Read Only 

2000401 2H r 



See explanation of MEGA Drive side register. 



Communications in Both Directions with 68000 
• Communication Port Register 



15 14 13 12 1.1, 10 



20004O2OH 
20OO4O22H 
20004024M 
200O4O26H 
20O04O28H 
2000402AH 
2000402CH 
2000402EH 




(Access: Byte/Word) 

6 5 4 3 2 10 



— 



— - 



■ ' Vm... — r—m 




'--.-. ' 



- " - L L '"l' 

See explanation of ME^A prfve side re, 





• 
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PWM Sound Source Control 

• PWM Control Register 



[Access: Byte/Word) 




bit 15 



14 



SH side 



7 

R.W 



RTP i — 



13 12 



20004030H — ! — i — : — 



11 10 9 

FIWFVWFWV 



8 



TM3 : TM2 ! TMl 



TMO 



3 2 1 

RAW FWV RW 





FVW 



! — ! — | RMDO RMD1 I LMDO | LMpi"] 



See explanation of MEGA Drive side register. 

TM - 3 set the PWM timer interrupt interval and ROM to PWM transfer cycle. 
Interrupt occurs by cycle register set value x TM cycle. When TVJ?#f%| interval is 
the same as the cycle register. When TM = the interval is 16 hrrls the ctcle register 



Cycle Register 

Bit 

SHSide 

20004032H 



Stoyte/Word) 



15 14 13 12 n 





See explanation of MEGA Drive side regispr. 



Lch Pulse Width Register 



/Word) 



15 14 \.i 12 11 

Sh S,cte Read Onty _ 
20004034H jFULLJ^v | 



See explanation of MEGA 



• Rch Pulse Wid 



Bit 

SH Side Readonly ^ 

20004036H |FU1E"°ty | ~ 



ccess: Byte/Word) 



See explanation of MEGA Drive side register. 
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Mono Pulse Width Register 



(Access: Byte/Word) 



B' 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

SH Sicte Read Only ^ i Wrtte Only 

20OG4O38H F^llf Mprv ' ~ 



i 




See explanation of MEGA Drive side register. 
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VDP Registers {Both MEGA Drive and SH2 Common) 

Display Mode Selection 

• Bitmap Mode Register 



(Access: Byte/ Word) 



Bit 15 14 13 12 11 10 9 8 7 6 5 4 



3 2 



M D Side ^ 1 5 - 3qh Read Onty 

SH&de 20004 10CH 1 PA U ~ i — ' 



Bflai Baa 



PRI 240 — — — 



,pav, aaoL 



LM1J M0 




Switching is always allowed, but is valid from the next line. 

PAL; TV format 
0: PAL 
I: NTSC 

Switching is possible only during V Blank 

PRI: Screen Priority (explained later) 

0: MEGA Drive has priority, (initial * 
1: 32X has prionty 

Switching is always allowed, but is valid from; the hfcfct line. 

■. . . 

- ^ *■_ _ r 

240: 240 Line Mode (Valid pnly : when PAU 
0: 224 Line (initial value), 
I: 240 Line 




Mi 







1 
1 



M0 



Mode 





* 



1 



.iii 



Btank,Mod© (initial value) 
Packef P ixel Mode 
Direct ^oJorMode 
Run Length Mode 




Switching is alw?ys;alldwed, but is valid fnim th£ next line 




: 
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Frame Buffer Switching 

• Frame Buffer Control Register 



(Access : Byte/Word) 



Bit 15 14 13 12 11 10 9 8 7 



3 2 1 



• 



MO Side A1518AH Read Only 
SHSide 20004 10AH 



R Onlyjy 



^HSUlPEN|-|-|-|-|-|-|-|-|-|-r=TrBJf 



FS 



VBLK: 



HBLK: 



PEN: 



FEN; 



FS: 



V Blank 

0: During display period 

1: During V Blank 

H Blank 

0: During display period 

1: During H Blank 

Palette Access Approval 

0: Access denied 

1 ; Access approved 

Frame Buffer Access aul 

0: Access approved 

1: Access denied. 

Frame Buffer, S\#ap 

0: Transfers tJRAMO to VDP side (initial value) 
1 : Transfers,PRAMl; to VDP side 






v^ry 



Swapping the Frame Buffer fallowed &urj#g V Blank (VBLK = 1) or when in the 
Blank mode. However, writing t^l^fcitls always allowed, and when written 
during display, swapping isl$©fie"at thj§next VBlfgnSr With respect to read, the 
value, which indicates DRAM dtujn&Hisplay until the&ext VBlank, is returned. 
When having swapped the FrameBiiffer, be sure lo aceiss the Frame Buffer after 
confirming that VBLK=§or FS bit has chaneite. %l$ 

When having perform^if U?h^ e sure t0 accefs' f&frarrie Buffer after confirm- 
ing that FEN is ecn^loum^ ^^ \w% 
Palette access is^Spie <Mty during^'an^V blank. 

Palette can acce$s w|feri|ver the bitrr% mc||e is,|n the direct color mode, as well 
as during! 





• 
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Screen Shift 

• Screen Shift Control- Register 



Bit is u 13 12 ii 10 a 



MDSiOe A15182H 
SHS.de 200041Q2H 



(Access: Byte /Word) 

7 6 5 4 3 2 10 

"Aft/ 

~ — : — ISFTI 



SFT: Screen 1 dot left shift (explained later) 
0: OFF 
1: ON 

Switching is allowed at any time, but is valid from the next line. 



Data Fill for Frame Buffer 
• Auto Fill Length Register 



(Access: Byte /Word) 



• 



MDSiOe A15164H 
SHStde 20004 104H[ 



15 14 13 12 11 10 9 a 7 6 5 4-5' 3 % 1 



] 



Word length when filling DRAM {frame buffer), To slt^vaiue|se7the value for 
the to-be-filled word length - 1 (0-255). 

Note: The Auto Fill function wUJ be explained later. 



• Auto Fill Start Address Register 



SS: Word) 



15 14 13 12 11 10 9 8 

MDSiOe A15186H jj, RAV 

SH&de 20004106HfAT6]Al5lA14l A1^A 121A111A10I A9 I A3 I A7 1 A6 I'aSI^ I A3 I A? U? 





Sets the start address of the area to|r% filled. A16-A9 remain as fixed, but A8-A1 are 
incremented at each Fill- 



Auto Fill Data Register 






(Access : Word) 



Bit 

MDStoe A1S188H 
SHSide 200041 08H 



15 W 13 12 11 10 9 



7 6 5 4 3 2 10 



WW 



Sets data to be filled. The Fill operation begins when setting this register. 




36 



CONFIDENTIAL 




PROPERTY OF SEGA 



3.3 VDP 



32X VDP (referred to as VDP hereafter) controls the color display and has two 1 Mbit 
frame buffer surfaces for control display screens. Display (to the display screen) is 
synthesized and composed contextuaily of a single screen (plane) from these screens 
and the existing MEGA Drive screen. 





• 




binntions with MEG 
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Display Mode 

Enables output of images that correspond to the NTSC format (Japan, USA) and the 
PAL format (Western Europe). When the 32X image output is not blank, the MEGA 
Drive display mode should select a resolution that is equal to the 32X resolution. 

Table 3.1 D isplay Mode Possible Combinations 
32X 



Non*o(anK 

320 x 224 pixels 



Non-blank 
320 x 240 pixels 



Blank 




MD 



Graphic V 

40 x 28 calls (320 x 224 pixels! 



Graphic V 

40 x 30 cells (320 x 240 pixels) 



Graphic IV 
32 x 28 cells 
Graphic V 
32 x 28 cells 
40 x 28 cells 



(256 x 192 pixels) 



(2SG x 224 pixels) 
(320 x 224 pixels) 
32 x 30 cells (256 x 240 pixels) 
40 x 30 ceils (320 x 240 pixels) 




• 
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VDP Configuration 

VDP is mapped, as shown below, from SH2 address 20004100H and 24000000H. 
These exist as I/O devices for the CPU. As a result, accessing without the color 
palette is only a cache-through address. 




VDP 
Register 



SH (Cache-through) 

200041 00H |_ 
200041 02H 
20004 104H 
20004 106H 
20004 108H 

2000410AH 
200041 OCH 




Bitmap Moos 



S creen Shift Contr ol 
Auto Fill Length 



SH (Cache- through) 
24000000H 



20004200H 



2000*14 OOH 



Auto Fill Stan Address 
Auto Fill Dat a ' 
hrame butter (JonTr6l I 



Reserve 



Color Palette 





VDP Mapping 




• VDP Register 

The VDP register controls RAM bloefe^cess, the VMrnoJe, pjporitv, etc. The VDP 
register is read to the VDP display circuit when^orizongyium line iscomplete. 
Consequently, after the regiger is set, the settin^^mjh^xt line become valid for 
the bitmap mode and screen^shifr control. 




• Color Palette 
The color pa 
possible. 





o :5KAM bjbck that desigrta 
k mustalways be word acce 




colors. A cache address is 



• DI 

Also called aHjjgie buffer, DRAM stores line tables and bit partem data for each line. 
Mapping is donSor either DRAM or DRAM 1. This block can write in 8-bit or 16- 
bit widths. Write speeds are all the same, but cannot be written in byte access. 
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Over Write Image 

Data write can also be done from this area to the frame buffer. Because there is 
specialization in character overwrite, if the significant or insignificant byte of data is 
when accessing by word, only that part ignores overwrite and holds the original 
value. This block can write in 8-bit or 16-bit widths. Write speeds are all the same, 
but cannot be written in byte access. 

Switching Frame Butters 

By switching the FS bit, the DRAM draw previously handled bv the CPU is trans- 
ferred to the VDP and the contents are displayed. In addition, DRAM that has been 
displayed is mapped instead in the address space, allowing the draw. For instance 
animation can be drsplayed by switching repeatedly per each single frame (1/60 
sec), and for the period equivalent to a single frame (1/60 sec), write process can 
continue. Frame buffer can be switched only in VBlank. During display, even when 
writing to the FS bit, the buffer does not switch until VBlank occurs; the FS bit 
when read, returns the buffer selected on the current display sidef DRAM access 
should take place after confirming that VBLK=1, or the FS Dit^as%en 
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B-through) ° 15 


014 


013 D12-D2 


D1 


DO 


200(M10AHp8LK 


HBLK 


PEN — 


FEN 


FS 



?S=0 

SH(Cache-through) 
240000Q0H 
Draw 



llll 

240200OQH 



DRAM 

IMS it 



DRAMO 
1Mbi( 



Otsplay 
him 



^ y Rewrtes FSbit dunng VBLAN 



FS*1 




SH(Cache-ihrough) 
24000000H 

Draw 



Mill 

24020000H 



.ORAM 




mtm 







1/60 SBC" 


IteOsec 


1/60 sec 


1 '60 sec 


|V0 sec 


1/60 sec 


DRAM©:- 


;, 0>splay ; 


Draw 


Display 


Draw* 


Display 


Draw 


DRAW! : 


'Draw 


Display 


ft? 


Oispiav 


Draw 


Display 



nun mi mum n h i An) 




nit iiitiiiiitiiiiini 



Figure 3.5 Frame Buffer Swttch and Animation Display 
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Color Palette 

There is one DRAMO and DRAM1 common color palette in the 32X, and - 255 
palette code can be specified per each pixel. The figure below shows the correlation 
between the color data format, SH2 address, and palette code. Any of R, G, B, each 
with 5 bits, can be selected from among 32,768 colors. 

The color data format is 16-bit and the color for each pixel can be directly selected 
{when in the direct color mode), but data size can be kept down by indirect-selecting 
using the 8-bit palette code. 



bit 


Sbif 


5bil 


Sbrt 




B 


G 


R 




A 


■ 


t 


* — 







• 



Through bit (See 'Priority') 



Red brightness 1 FH (max) .«00f^^^^ 32 tones 
Green brightness 1FH (mBnflptfflK) ... 32 tones 
Blue brightness 1 FH (max^ ,.-oOH. (mm.) ... 32 tones 
Combined: 32 x-32 x 32 « 32%6 colors 




SH (Cache-through) 
200O4200H 
Through bit -^ 






PaWtecode O'color designation 
flfejjpette code 1 color des» , 
-^•"Palette c^de 2 color de#gnab< 




Palette codeJSS co* 



Color Data Format and Color Palette 



Note: 



Palette access is possible when PEN = 1 (Frame Buffer Control Register). If accessing when 
PEN = 0, wait is held until PEN = 1. Also, when PEN goes from 1 _> 0, the written value is 
not guaranteed. When the color is directly selected, color palette can always be accessed. 
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Over Write Image 

Allows RAM block that is physically identical to the DRAM area to be accessed from 
this area. When writing data from this area, data on the frame buffer is not changed 
and remains in its original state when 00H is written in 1 byte units. 




Wnies directly over DRAM area 

Over Wnte Data 
i blank spaces are all 0) 




Data in frame buffer 



+ 



Writes over the Over Write image area 




+ 



Daia in frame buHer 
after Over Wnie 





Figure 3.7 OverW 
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Overview of Display Specifications 




• 



Table 3.2 32X VDP Specifications 



Display Size 



Display Colors 



Frame Buffer 



Draw Moae 



P'-o-ty (Combine with 
MEGA Dnve screen) 



320 pixels x 224 pixels or 320 pixeis x 240 pixels 
only the non-mterlace mode 



32.768 color direct or 256 colors from 32.786 colors 
(color palette) 



1 Mbit DRAM x 2 (Une Table Format) 



Direct CoJor Mode (16 bits/1 pixel. 32K color direct) 

Packed Pixel Mode (8 bits/1 pixel. 256 of 32K colors) 

Run Length Mode (16 bits/continuous same color pixels 256 of 

32K colors) 



To combine MEGA DRIVE scroll A. B. and sprites into a single 
screen. 32X screen Is synthesized in the front or back : ' 
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Line Table Format 



There are 256 words in the line table in the frame buffer lead. When writing an 
address in which pixel data for each line is entered, that line is displayed. The data 
format following that address can select the three modes explained on the next page. 
Mode selection is set by combining VDP register bits Ml and MO. 




(Ml, MO) 
= (0, 0) : (Blank display) 
= (0,1): Packed pixel mode 
= (1, 0) : Direct color mode 
= (1, 1) : Run length mode 



SH(Cache-through) 
240O0000H 



Line Table 




240001 BEH 



240OOA0OH 



Word address from the 
slart of the frame buffer 




/ 


\ 






/ 








A_ 


k 













5Q(H 




rs are designated in octer frofR 

Ifie pixel in the left edge of ttielOGth line 





jF'gura 3.8 



• Display Pficaimon» 

VDP me^anicaiy^plays 320 pixels worth oFHata from the address specified per 
the line taSls^Consequently, caution is required since the overwrite image area data 
is displayed IS^when there is no DRAM area for 320 pixels worth of data after the 
specified address? 
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Priority 

Select wnether or not to use the PRI bit of the VDP register, and whether the 32X 
screen is to be displayed in front of or behind the MD screen. Also, each throueh-bit 
1-b.t is added to the color data. If the PRI bit is used, the pixel that designated the 
color is displayed in the side opposite of the MD screen. When the MD color code is 
0, and when the 32X designates blank by the VDP register, each becomes transpar- 
ent. It both are transparent, the MD background is displayed. 



VDP Register PRi = Q 




BG 32X (blank) 



Figura 3.9 Priority 



8G MD 32X (blank) 
(color cocJe = 0) 



• 
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Direct Color Mode 

This mode directly expresses data of each line from the pixel in the left comer or the 

screen by each through-bit. B. G. R (16-bit). From the size oi the frame butter at ^l?. 4fc 
words per 1 line, ^P 

1 Mbit ■ 65336 words = 256 words * 320 x 204 words, 

and only 204 lines can be displayed. The number of lines can be increased by making 
identical line data to be common, 



SH (Cache-through) 
240OO000H 



(100th line, iSOthptxel trom left, maximum red brightness) 

6bit — • 



i pixel f 

r- 



i 



24O00A00H 



24O00B2AH 



C 



63H( 99) 5QQM 

i 



50 ° H B | Q I 3 



595H 1 (: 



T- 




Word;»d0aP"from the start 
of the "fVa-me buffe^ 




Figure 3.10 Dlr»ct G&Qr M 




1 5pth pixel 
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Packed Pixel Mode 




■ 

This mode indirectly expresses data of each line by individual color palette codes 
(8-bit) from pixels in the left comer of the screen. 

Since two pixels are expressed by I word, and 1 line contains 160 words, 

1 Mbit = 65,536 Words = 256 Words * 160 x 408 Words, 
it is possible to have 408 lines of display data. 



{100th line. 150th pixel from toft, maximum tea ongntness} 



SH (Cache-th rough) 

24000000H 




I6bn- 



63H{99> 500H 




240OOAO0H SOOH j palette*! palette d . 
240OOA94H 54AH 




1st. 2nd pixef 



149th. ^50th pixel 



Word address from Ins 
start of the trame butter 





Cache-through)^. 

200042uW 
Palette eodejj Color designation-^- 
Palette code 1 color designation-^- 
Palette code 2 color designation- 
Palette code 3 color designation.^ 





Figure .3,11 Packed Pixel Mode 
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Screen Shift Control 

Because of word units, address data that can be set in the line table can change the 
table only in 2-dot units when in the packed pixel mode. As a result, use the screen 
shift control bit (SFT) to change the display position by 1-dot units for horizontal 
scrolling. 



SH (Cache-through) DI5 
20004 1Q2H 



01 00 



SFT 



(1) Orawn In packed pixel mode 
SFT*0 

SH (Cache-through) 
240OQOO0H 



240O0AO0H 500H 



24000A4EH 59FH bi9Thp«BipgQTPpua< 




(2) Shift 1 bit left 
SFT=1 

SH (Cache-through) 
240Q0000H 



24000A0OH 




Figure 3.12 Horizontal Scrolling in the Packed Pixel Mode 
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Run Length Mode 

In this mode, pixel data is handled in units as the same colors that continue horizon- 
tally, and is represented in palette code (8-bit) and continuing number of pixels = run 
length data (8-bit). Through-bits are valid in this mode as well. When the run 
length exceeds 320 pixels for one line of data, the 320 pixels are displayed from the 
left, and all pixels thereafter are ignored. 



SH (Cache-through) 
24000000H 



i6bit 












-*• 63H{99) 


500H 


c 


t 

* 


2"4000AOOH 500H 


79 black 




69 blue 


79 red 


89 black 




! 4 4 

i length-1 palette* 





Figure 3.13 Run Length Mode 
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FILL Function 



Auto Fill uses three registers: the start address, word length, and file data. VDP 
begins the fill operation when writing to the file data register. The portion that 
exceeds the page border is filled from the start of the page. Because VDP and SH2 
DRAM accesses conflict while executing Auto Fill do not access from SH2. 




Fill execution time = 7+3 x length (cycle). 



After executing Auto Fill, DRAM should be accessed after confirming that VDP 
register FEN = (completion of frame buffer access via VDP). 






Before Fill 



SH (Cache-through) D15_ 



D8D7 



DO 



20O04104H — 



Size -.0-255 (word number -1) 
20004 106H | 



20FEH 



Sian address, ..word address with f 



2QQQ4106H 



1234H 



Fill Data 



Alter Fill 



SH (Cache-through) p_l5_ 



pa P7 



20004 104H | — 

200041 06H | 
20004 1Q8H I 




SH (Cache-tfirough) 
24000000H 



2400 



200H 

I 

24002EQQH HF00H 



1234H 



1234H 



1234H 



20th page 



2400400QH 2000H 



21 st page 



24004200H 2100H 

I 



200E H value before Fill 



■ 3rd word 
-4th word 

•16th word 



..SH (Cache-through) 



240041 FCH 20FEH value before Fill 



.1_234H_ 



I234U. 




1st word 
2nd word 



Figure 3.14 Example Executing Fill 
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Clock Used by the 32X 

The master clocks for NTSC and PAL used by the Mega Drive and 32X are different 
The 68000 and SH2 system clocks are shown below as standards. 

Mega Drive Master Clock Cycle 

Mck= 1/fosc [sec] 

NTSC fosc = 53.693175 iMHzl 

PAL fosc = 53.203424 [MHz] 

6B0OO Clock Cycle 

Vclk = 7 Mck, but Mck is the value above. 

SH2 Clock Cycle 

Sclk = Vclk/3, but Vclk is the value above. 



• 
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HBIank and Display Periods 



VBLANK 



HBLANK 



XHDISP 



1H 



11 



• •0 



B. 




*-&#& L ■■■'.'.- 



Rgure3.15 HBLANK Period and Display Period 



A : Blank Period 



B : Display Period 



C : HBLANK - VB 



D : HBLANK - XHDISP 




ot (860 Mck) 



20 dot (2560 Mck) 



4 Mck) 



VBIank and Display Pe 



• 




Figure 3.16 VBLANK Period and Display Period 





NTSC 


A : Blank Period 


38H 


B : Display Period 


224H 



PAL (224) PAL (240) 
89H 73H 



224H 



240H 
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VDP Register Latch Timing 



• 



VDP Register Latch 



H Blank 



n-1 



PEN 



me n 



FEN 




VDP Register Latch 
1 n + 1 



JL 



jut- 



D 



IL 



Jl_ 



Figure 3.17 VDP Register Latch Timing 



A: H Blank - PEN 3 dot 
B: FEN Width 40 Sclk 

C: H Blank-latch 76 dot 




(24Mck) : 

(VD£fside,jrfefresh) ; 

(668Mck> 




The register set within interval C is valid alline 0<titejW line), and for interval D is 
valid at line n+1. Please avoid the type of phe^Omenoh in whicjithe VDP register 
latch and CPU register access overlap. When the DRAM is being refreshed FEN is 1, 
but access of the DRAM is possible. Be aware tKafff 1 is setin 240 bits when in the 
NTSC mode VDP will have operating earrors. 






• 
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3.4 PWM 



PWM Sound Source 

32X outputs a 2 ch pulse wave as a sound source. The integrated wave form con- 
verts the pulse width to wave height. A variety of sounds can be produced by 
continuously changing the pulse width. 




■^-panod^- 




Coniinuosuly changing pulse widtl 




Figure 3.19 Pulse Wave and its Integrated Wave Form 



e 
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Functions of 32X PWM 

There are five registers within the SYS REG area for controlling PWM of the 32X (see 

• section 3-2). It is possible to access from both the SH2 and the Mega Drive. Since 
any register can be accessed in bytes, the Mega Drive side can switch banks and be 
accessed from the 68000 or Z80. 



MD side 


SH side 


A15130H 


20004030H 


A15132H 


20004032H 


A15134H 


20004034H 


A15136H 


20004036H 


A15138H 


20004038H 



PWM Control 



Cycle Register 



L ch Pulse Width Register 



R ch Pulse Width Register 



MONO Pulse Width Register 





Figure 3.20 PWM Control Register 
32X PWM has the following functions. 

• Timer interrupt for SH2 

• Can output the same signal as a transfe^riquest (Dl 
built-in SH2. 4 

• L ch and R ch independent output of ON/OFF 

• Switches L ch and R ch ^^P®^ 

• Sampling Rate (piuse,j>!rr|tat q|le, left ri^o%nMi variable 

• Continuous write of lutf* w§dth (pulse wfdth wfeister is 3 step FIFO) 







Creating Wave Form Dat; 

Supplied as a Mars souncgdevelopment tool, the waveform data can be played back 
by the 32X PWM and out^ltin A1FF (Audio Interchange File Format) using off-the- 
shelf sampling software and converted through the waveform converter. 



• 
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Cycle and Pulse Width Settings 

Both the cycle and pulse width are 12-bit and can be set from to 4095. 

The cycle register obtains the required sampling rate with the set value - 1 as a 
multiple of the base clock cycle. When the set value = the cycle is at a maximum 
(4095 times the base clock cycle). When the set value = 1 (0 times the base clock 
cycle) PWM will no longer operate and should not be set. 

When 1047 is set in the cycle register, for example, the base clock for NTSC is 23.01 
MHz and the sampling rate is: 

23.01 x 10 6 * (1047 - 1) - 22 * 10 3 - 22 t*HXj. 




In the pulse width register, the height of sample points jK§K^n the maximum 
negative value of the amplitude are written successively. Because the set value - 1 is 
the height, when 1 is set, the maximum negative point ofg^amplitude is 0; and 
when is set, the maximum positive point of the ^ampteJeis 4095. 

The pulse width register is a 3-step FIFO. The pulse width is refreshed per each 
sampling cycle. When FIFO is empty, the pre^^^^e width is held. Immedi- 
ately after reset, FIFO is empty and the y$$^vM§s0- 
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3.5 SH2 



• 





SH2 is a RISC (Reduced Instruction Set Computer) type processor. As with other 
RISC type processors, it has the following features due to its high speed instruction 
implementation. 

Program {application program) run-time is expressed by the product of the follow- 
ing three elements, C, T, and I. 

Program run-time = C x T x I 

C: cycle number / command, T: cycle time (clock speed), 

I: instruction number / task 

RISC type processor executes instructions at high speed by reducing C and T. 

• Cycle number is reduced per instruction 

The conventional CISC (Complex Instruction Set Computer) prrJIegsomalizes a 
complex instruction set by micro programs (programs ^ornj^roj^ssOk internal in- 
structions). This decoding and run-control is complex ikjtbecaUge many execution 
cycles are needed, SH2 (SH7095) has a simple instmchonSpi|bihigh-speeds by 
wired logic. Further, by "5 step pipeline control" insjruclfen execution, one instruc- 
tion is executed in 1 cycle (1 system clock cycle / 23& jSBrB^eraticm time, 43.5 ns 
ostensibly by parallel execution of each sta^^ilhowgijnjne Figure 3.22: instruc- 
tion 1 "WB", instruction 2 "MA", instruction 3 "jyVtasffiiction 4 "ID", and instruc- 
tion 5 "IF". %m^F I 





5 Stages of the Instruction Execution 

IF: Instruction fetch Fetctgnstruction from memory 

ID:- Instruction decode Decode, fetched command? 

EX: Instruction execution Execu^ctetoded consents 

MA: Memory access .^^^ss t€§-memory 40$^< 

WB: Write back 1. Rjefuftx memory a||ess rj&ultsjo register 






til 


Instruction 1 % ID EX 


MA 


WB 






s 

c 
4? 


Instruction 2 IF ID 


EX 


MA 


WB 




3 


Instruction 3 IF 


ID 


EX 


MA 


WB 


c 

jh 


Instruction 4 


IF 


ID 


EX 


MA WB 


r Instnjction 5 




IF 


ID 


EX MA WB 




Time 











Figure 3.22 Pipeline of Instruction Execution 



58 



CONFIDENTIAL 



PRO 




OF SEGA 



Reduced Cycle Time (Increased Clock Speed) 

Internal operations can be made faster if the clock speed of the processor is in- 
creased, but a gap is created between main memory access times, a wait state is 
produced in the processor, and the effective cycle number per one instruction in- 
creases. In order to fill in this difference, SH2 has a built-in 4 Kbyte cache memory. 
The cache shortens access time by 1 line compared to the main memory. When data 
of the address to access is stored here, the wait state of the processor is reduced 
because that data is able to be accessed. 




Cache memory 

(comparitively small capacity 

an d high spee d) 





,. ■..-. ■■ ,. 





in Memory 
arge capacity 

and low speed) 



Figure 3,23-Caehe Memory 



When data accessed by the CJU is stored in the cac)ie memory^ is called cache hit, 
and when not stored in the ca|he memory is calleff^Krie mi&PFor cache miss, a part 
of the contents of the cachetra^mCtt^Hs replaced. 
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Master and Slave 

Two SH2 units are packaged on a common external bus in the 32X. SDRAM and 32X 
hardware resources are connected to this bus and access the periphery while adjust- 
ing (bus arbitration) conflicts of the bus. One side, the Master mode, releases the bus 
only when bus authorization is requested from the outside with bus authorization 
under normal conditions. The other side. Slave mode, does not have bus authoriza- 
tion under normal conditions and requests bus authorization each time access to an 
outside CPU occurs. 

In a packaged condition, two SH2 units are fixed to the Master mode and Slave 
mode according to the settings of external pins, and normally the CPU itself is di- 
vided bv the name "Master" and "Slave." 



Note 



SH2 is able to select a "partial slave mode" by indicating partial space sharing with 
software from the Master mode, but because the necessary outer circuitry. is^„ packaged, 
the Master mode must be used. 




an 



System performance does not double when two CPUs are used, ft j? 
double for shared parts, such as memory or I/O, due to accessjc^nip^tition. Accord- 
ingly, function fragmentation or bus control that decreasesjhe cor^licts is required. 
Within 2 SH2 units, it is normal for the master to control tn|^itireB2X and the slave 
to restore the computing element inside SH2 and wori^e$pecla3Iy in numerical 
computing. 




Master and slave hardware listed below is hSra 
thing else is in common. 



the SH2 while every- 



• BOOT ROM 

• Interrupt Clear Register 

• Bit -3 of the Interrupt Mask Registet (V, H, CMD, 

■ ■ ■/,■■■/.:// 

With the exception of CMD mterp^ccurrence (INTM? and J^tS bits of the inter- 
rupt control register), 68000 does n#tiif efentiate Srj? malfer and slave in terms of 
hardware. 
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Cache 



SH2 contains 4-Kbyte cache memory. Since this memory is accessed per 1 cyde, it is 4fe 
effectively executed by reducing the wait states during accesses to external chips, ^^ 

such as SDRAM, and minimizing command execution pipeline perturbati< 



aon. 



Cache Specifications 

• 4-Kbyte, command/data mixed type 

• 64 entries x 4-way associative, 16-byte line length 
(Selection of 64 entries x 2 ways + 2-Mbyte RAM) 

• Data write is write-through type, LRU repress algorithm 

• Able to select command only/data only repress. 



OOOOOOOOH 
I2000000H 
4000000H 
6000000H 
8000000H 
I00OOOO0H 
22000000H 
240000O0H 
26000000H 
28OO0OOOH 
4OOO0O00H 
600O0000H 
80000000H 
OOOOOOOH 

IC0001000H 

E0001000K- 

FFFF8000H 
FFFFFFFFH 



CSO space cache area 



CSi space cache area 



CS2 space cache area 



CS3 space cache area 



Reserve 



CSO space cache through. area 



CS1 space cache through area. 



CS2 space cache through area 



CS3 space cache through area' 



Reserve 



Associative purge„space. 



Address array read/write space 

WV^-V i -y; 



Reserve' 



Dafeiaray reffiJAvnM space 

— ■ — — . M p j^ 



(Occupy &y shadow space) 



■{Occupied by shadow space) 



Bullt-i.nJ/0 module 



Address wpper-abits (Note 1 ) = '000" space 
-Used wheW'acceSsing CSO -3 through cache 
' :ontroi register CCR CE bit toi ) 




^■Address upper 3 bits = "001 " space 
.used when accessing CSO -3 not through cache 




• 



} 



Addressrupper 3 bits:*' "010" space 
Used in purge :bf specific line of cache 
Address upper "3t>its ■ "011" space 

;.;Use# ; when.<jirectly accessing address 

|array§Note 2) of cache 

"Addfe^s.y^per 3 bits = "1 10" space 
Userjwtien directly accessing data array 
(Note 2) of cache 

Address upper 3 bits = "111" space 
Access through cache not possible 

(Note 1) = Specific address of access space 
(Note 2) p See next page 



Figure 3.24 Relationship of SH2 Address Space and Cache 
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Cache Overview 

In SH2, address bit 3"0 is called an intra-line byte address, and the cache handles 
address space from the lead (OOO0OO0OH) in line units (1 line = 16 bytes). In addition, 
the address bit 31*29 is called the access space specific address, bit 28*10 is called the 
tag address, and bit 9"4 is called the entry address. 



31 28 



9 



Address 



X * 19 ^ 6 A 4 " 

I Tag address Entry address f 

Access space specific address Intra-line byte address 



Figure 3.25 SH2 Address 

The cache holds command/data from the address array and data afra^%e data 
array is 4-way memory in which 64 entries (64 lines), considered a%ne way; corre- 
spond to an entry address. The address array manages the vah%^v»#conditions 
of the held contents and the tag address by entry, way, as well^rntnages the access 
order (LRU information) of each way by entry. 




• 



,jf$&k 



«-. 






Address Array 



Data Array 



Tag Adores* V 



64 entry 



4 ways 



iys\ 



— ~ 



Data (16 byte*/Iine) 




having identical entry 
are selected in a 
ecified order 




-JU 



5^ 



■"■ V;-valid'bit 






3.26 Cache Configuration 

When reading, the address to be accessed and identical entries are checked all 4- 
ways and are read from the^che if there are tag addresses that match. If all 4-way 
tag addresses do not match, they will be selected based upon the LRU information 
after reading from off-chip memory. Corresponding entry tag address and line data 
are replaced and output to the CPU upon completion. 

When writing, if tag addresses match, data in the cache is rewritten, as well as con- 
tents of the memory external to the chip (write-through). If all 4-way tag addresses 
do not match, they are only stored in the memory external to the chip (off-chip 
memory). 
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Cacha After Implementing BOOT ROM 

The BOOT ROM mounted in the 32X, both master and slave, purges (initializes) and 
enables the cache immediately after SLEEP from the initial program of the Mega 
Drive side has been canceled. At this time, 4-way mode, data replace, and command 
replace can be selected. Initial data is loaded and settings stay unchanged until the 
application is implemented. 

Applications can be executed without tinkering with these settings, but when trans- 
ferring DMA in the address area where cache is used, the operation can result in 
differences in the cache memory and external memory contents, and therefore, 
purge becomes necessary. Purge of all entries, and the purge of a specific line should 
be differentiated in response to the need. 



Purge (Cache Initialization) 

Purge of all entries 

-If "1" is written to the CP bit of the cache c 
will be purged. 




Purge of specific lines 

In associative purge spaces (40000000H 
offset, and if write accessed, is chjegliBtl 4 w 
include corresponding address 
cache is purged because conten 
write access is performed in the 






£S&**» t *» 



erlCCR), all cache entries 



), the cache address to purge is 
e same time and only lines that 
or example, when the slave side 
r side QgMra&H address are replaced, 
ddress b# the Save CPU. 





• 
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DMA 

SH2 contains a 2 channel DMA. If transfer request is set to auto request and is 
within the SH2 address space, transfer between memories can be performed (ai 
generation inside the DMA). 

When transfer request is done by an external request (DREQ), DMA transfer ca 
done by the dual address mode for: 

• channel from FIFO to SH2-side RAM; 

• channel 1 PWM sound source pulse width register. 

DMA transfer can be done by the dual address mode. External requests shoulc 
used by the edge trigger, not the level trigger. 





between Mega Drive and 



DMA transfer from the Ivfe^Drive to 32X is done through the FIFO packaged 
32X. If data is set to this FIFO from the Mega Drive, transfer request (DREQ 0) 
occurs for the DMA of SH2. In the SH2 side, DMA channel is set in external i 
quest and FIFO is specified and transferred to the source address. 

This sets data to FIFO from the Mega Drive side. 

CPU Write is the method of writing to FIFO by 68000 directly for each word. A 
time, if the Full bit of the DREQ control register is write is possible and if Full 
1 then it is FIFO Full. 



• 
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Master-Slave Communication 

When communicating for coordination between the master and slave, it is important 
to know how to properly receive data and take timings. 

Built-in SCI (Serial Communication l/F) 

SH2 has one SCI channel. In the 32X, the master and slave are connected to each 
other making serial communication possible- If data receive interrupt is used, tim- 
ing is effective in severe cases. Data is set in the SDRAM described below and tim- 
ing can be taken by SCI. Since the 32X is not equipped with an external clock source 
for the SH2 SCI an internal clock must be selected. Otherwise any setting can be 
done. 




SDRAM 

This is a wide region able to capture large amounts of data. Rut because -%e internal 
operation is in 1 line (=16 bytes) units, transfer of numerical %& <%Q*g polling is 
not suitable. SH2 does not have a function that combines the ca%e mernory con- 
tents of the master and slave. As a result, the contentsof m^ojr^sused in common 
must either be accessed by cache-through or accessed afferfpurging by one CPU 
when the other CPU is changed. 



Communication Port 

Because there are no SDRAM restrictions wfessivgoing 
port, speed is comparatively rapid even if polling isy 
large amounts of data cannot be handled sH|fgf£)ie en 
nication with the Mega Drive, is eight words. 




iugh the communication 

through. However, 
capacity including commu- 




• 
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68000-SH2 Communication 



Mega 
Dnve 



INTM 



ints 



8 Word 
Communication Port 



^ 



SH2 

Master 



4 Word FIFO 



i 



2* 



4 Word FIFO 



Figure 3.28 6B000an 




• 



n I cation 



Communication Port 

The 32X has an 8 word register tHal cax*j&d%30 write from both "communication 
ports" used in 68000 and SH2 co^mj^a%i. After j|p«?wer is turned on, the 
boot ROM program, following itlSShpletpn of the ypfiaJi|ation and security, 
notifies the 6000, and as a result, the Sllrfaster wri%"M|OIC|( ASCII code 4 
bytes) to the start of the communication port, an<ijhe slav||*|pfes "S_OK" to the 
2nd and 3rd words - Coiftmjkcation ports from Bl^yjtercfe opened in the appli- 
cation. If simultaneously^l^^p^e same registeMn^fc>th 68000 and SH2, or if 
either the 68000 or SH2?tavritife while th#Klir is%lading, the value of that regis- 
ter becomes undefin#. Maketoilt, diving thf register to be used as SH2 -► 68000 
and 68000 -* S»muSlf§ abided. 

&$iy J vpfi "'■■ 

CMD Intarru^ * 

When timing byboth 68000 and SH2, not only can the communication ports be 
polled togetherlw^terrupt can occur from 68000 to SH2. INTM and INTS bits of 
the interrupt control register correspond to the master side SH2 and the slave side 
SH2. CMD interrupt occurs if 68000 is set to 1. Interrupt can be cleared if SH2 
writes the CMD interrupt clear register. Mask/mask (0/1) cancel can be done by the 
CMD bit of the interrupt mask register The CMD interrupt clear register and CMD 
bit are held separately by the master and slave (addresses are the same). There are 
no interrupts from SH2 to 68000. 
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DMA 




SH2 has a 2 channel DMA built-in to it. When the 32X uses channel from among 
the two channels, data can be transferred from the Mega Drive side to the SH2 side. 
The 32X has a DREQ circuit for issuing transfer requests to channel and a FIFO for 
continuously transferring data. FIFO can be directly written to by the 68000. 
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Interrupt 

There are five ways an interrupt can be created: 

• pressing the Mega Drive reset button 

• during vertical feedback 

• during horizontal feedback 

• interrupt control register write from Mega Drive 

• PWM cycle timer 

Each interrupt is cleared when written to an interrupt clear register by a different 
factor. Interrupt continues indefinitely until cleared. 

Mask/enable is allowed separately by setting the interrupt mask register V, H, CMD, 
and PWM bits except for the reset button. These four bits^aye separate registers by 
master/slave.* 

The priority order when using SH2 1RL interrupt fauto 
(Reset button) > (V Blank) > (H Blank) > (Comman 




Name 

VRES Interrupt 
V Interrupt 
H Interrupt 
Command Interrupt 

PWM Interrupt 



* HEN (HTTN enable bit insi 



Mask Bit 

none 





(PWM cycle timer). 



Interrupt Factor 

Reset button 
V Blank 
H Blank 

rrupt control register write 
MD 

e timer 




er has a common master/slave. 
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32X Block Acces 





Chapter 4 Contents 

4.1 32X Block Access by SH2 73 

4.2 32X BiOCk Access by 68000 75 

4.3 32X Block Access by 280 76 

4.4 Access Timing of each CPU to 32X Block 77 
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4.1 32X Block Access by SH2 

Blocks that Can Be Directly Accessed 

Access from SH2, 68000, and Z80 to all 32X buffer registers corresponds to the list 
below. (The V mark means access from 280 is possible) 




Table 4.1 32X Buffer Register List 



Object Use 



SH2 
Dedicated 



SH2 bUitt-m I/O, DMA 
mam memory 
32X standby Interrupt 
(mask dear) 



DMA transfer (receive) 



6B00O 
Dedicated 



SH2/ 
68000 

Common 



32XUse 

Cartridge ROM access 
DRAM cartridge 
Interrupt Execute 
DMA transfer (send) 



wme by DMA/CPU 



ZB0 Butter Register 



Description 



CommunicatJon 
Sound 





Graphics vSf 




(abbreviated) 

SDRAM 

Standby change 

H Count 

Interrupt mask 

VRES Interrupt clear 

V interrupt clear 

H interrupt clear 

CMD interrupt clear 

PWM interrupt dear 

DREQ control Reg 

68 to SH DREQ Sourc* Address 

68 to SH DREQ Dost 

68 to SH DREQ Length 

FIFO 



# 




Read operation internal 16 byte tixed 
Boot time custom component 
4^f(7VPt interval 

Use hew^houl mask by SH2 Internal 
Clear imeWupt by Mega Dnve reset 



ton 



Clear interrupt from 68000 
SampHng data write timing 
Set 'Capture* (See dedication) 



Transfer request execute to SH2 DMA 

(read! 






Adapter ewitrol Reg j™ 
BanKr'Set Reg -**-.. v? l"£?' 
SESTVR«of='^fl 
tnte^tW Control Real 
DREOGontroi Reg §' 
68 to SH DREQaaifce Address 
68 to SH DREQ Destination Address- 
68 to SH DREQ Length 



Hmmunication Port 



v 



PWM Control 

Cycle Register 

Lcn Pulse Width register 

Rch Pulse WkJth register I 

MONO Pulse Width register 

Bitmap Mode 
Frame Bufier Control 
Screen Shift Control 
Frame Butler 
Color Palette 

Auto Fill Length 
Auto FN! Start Address 
Auto Ftl! Data 





6W 



32X is mapped by address space 
Mapping differs tor the single MD 
Refresh s*gnal output to cartridge 
Inwmipt execute in SH2 
Sef -Capture' 



ueat execute lo SH2 DMA 



Read/Write is possible from both 

Timer interrupt set tor SH2 
Sound source sampling cycle 
Sampling data write 



Packed pixel / Direct color / Run length 

Draw/Display Switch, see VDP operate status 

Horizontal scroll of packed pixel mode 

Draw memory 

Use when indirectly indicating colors on 

draw memory 

Frame buffer data R)l 
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SH2 Address Space 

SH2 divides and manages address space in the four areas from CSO to CS3, but there 
is no need for a special awareness that a program has four areas. The system is 
designed so that a situation in which the area boundary is exceeded and must be 
continuously accessed is not created. The mapped device can be directly accessed 
by indicating that address. 



Cache-through Access 

System and VDP registers must be accessed by cache-through. Although system 
design also allows access by cache, because there is no guarantee that data of an 
external device or register which could be re-written by other processors would 

agree with cache data, purge becomes necessary each time. Therefore, cache can not 

be used. 




VDP Access Competition 

When accessing from the SH2 to the VDP register, frame buffer, ankcolor lalette, 

access waits until the FM bit (interrupt mask register bit 15) is l^|^^^ccess 

series hasjended, the FM bit becomes and access aumorizaj^j^n^ges to 68000. 

This being the case, SH2 and 68000 wait together until ^^c^au^riz'ation returns 

and accesses. When finished, competition can be avoidetf^retu^ing access autho- 
rization to the opponent. 



When the FM bit from SH2 is "V, access from 
operation that follows is not guaranteed. 






pted by force and the 



ROM Access Competition 

SH2 has priority when 68000 and SH2 access the^gfffclge ROM%th^am&time. 
When this happens, the second CPU to & accessed waits ur^j, access '& tfefe first 
CPU is finished. 





When the 68000 directly accessesjontentslaf the cartridgeROiy0>y the CPU, SH2 
can restore high speeds by acces^ing|after the contenf| of the ROM cartridge is once 
loaded to the SDRAM. ^a;resu1t;SH#accesses ROM J datf sporadically in certain 
amounts, whereas RO^cc^^^80(S6 occurs regularly, ijpin there is a problem 
in executing 68000 pr^ram|nterrupted by ROM access waft, the RV bit (DREQ 
control register bit 0) 91yl> L Here, ROM access from SH2 is in a wait status until 
68000 RV = 0. The bit frorn%i2 is read only. 
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4.2 32X Block Access by 68000 

Blocks That Can Be Directly Accessed 

After the power is turned on, address space of 68000 is mapped the same as the 
Mega Drive unit. If the 32X initial program provided by SEGA is installed following 
the POWER ON reset vector address, 32X is mapped at the time the execution is 
transferred to the application program, and is initialized in an access-enabled status. 

See Table 4.1 "32X Buffer Register List" in section 4.1 for individual buffer registers- 
Cartridge ROM Access When Using the 32X 

ROM cartridge OOOOOOH-400000H is mapped unchanged in 68000 address space 
0O0000H-400O0OH when using the Mega Drive unit. Buj^en using the 32X, map- 
ping is done on and after 880000H when execution is tjindle&tby application pro- 
gram. ';;„ M 



68000 address 
880000H-8FFFFFH 

900000H-9FFFFFH 
(4 bank switching) 




cartridge ROM ^m 

0OOOOOH%#FFfe 



0O0O0O^MfTF^(initial condition) 
10000&~Jff|lFH 

ii90CKXiHaF#TH 
300000175SPFFFH 





VDP Access Competition 

When accessing from 68000% the VDP register/pftpe ^urM and color palette, 
access waits until the FMtttf in*eirupt mask register jffc. 15) is 0. After an access 
series has ended, the I^jLbit blcornes 1 an^i^esslauihof ization changes to SH2. 
Such being the case^H2j*&wi 68000 waiftogetljer until access authorization returns 
and accesses. J^Vhei^i^shejl, competitidft<ai|pe avoided by returning access autho- 
rization to 



• 




-?? 



When thetljvi ^rrorn%8000 is 0, access from SH2 is interrupted by force and the 
operation thttfigllows is not guaranteed. 

ROM Access Competition 

See "ROM Access Competition" in section 4.1. 
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4.3 32X Block Access by Z80 



• 



Blocks That Can Be Directly Accessed 

Z80 is loaded as the Mega Drive sound CPU. Even when 32X is mapping in the 
68000 address space, 68000 memory area can access each 8000H by switching banks 
similar to when using the Mega Drive unit. See Table 4.1 "32X Buffer Register List" 
in section 4.1 for individual buffer registers. 



Competition With Other CPUs 

Access competition to the 32X block of 68000 and SH2 applies to both Z80 and SH2. 
See section 4.2 for more information. 




Frame Buffer Access 

Frame buffer can be written in bytes but data byte write is ignored 
write from both 68000 and SH2) 




e for 
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4.4 Access Timing of Each CPU to 32X Block 

The timing sequence when the CPU accesses the peripheral is called a bus cycle, and 
takes a minimum of 4 Clock with 68000 and 2 Clock with SH2.* In addition, wait 
time is created on the CPU side due to the difference of the peripheral and operating 
speeds. 1 Wait means that the minimum bus cycle + 1 Clock is necessary in the 
access. A wait is required for all 32X blocks (as shown below) to access from 68000 
and SH2 in response to the process contents and operation status. 

* Besides inputting a Wait signal from the outside, SH2 can input Wait by setting the 
built-in bus state controller, but after implementing boot ROM only external Wait is set. 

32X Mode and Cartridge ROM j^^ 

SH2 (Read /Write) : 6 wait (min) ~ > 15 W§it (mas) 

68 K (Read/Write) : wait (min) - ^wak(max) 



Frame Buffer 

SH2 (Read) 
SH2 (Write) 
68 K (Read) 
68 K (Write) 



• 




5 wait (mm) -% 12 t^it (max) 

1 wait (g/sL^^wut (max) 

2 wait finuaF%r 4 wait (max) 

it (const) 




*$*£ 



Write access to the SH2 frame b^$gpsun# continuqupg^essing without an Idle 
Cycle. When the Idle Cycle is inserted betgreen accesses, thenext access time is 
shortened only by the number entere4$#the Idle Cyc% (Tr§ nexf access time cannot 
be shorter than a rrurtimunveycle of 3 clock) 




A 4 word component of FWffWd for frame buffer jnting. Thus, 5 Clock is 
required if FIFO is FL^h^d %lock is regsS^ii |$Fb is not FULL. 

Palette 



SH2(Read 
68 R(gea#: 
68 K (Vm?) : 




wait (min) 

2 wait (min) 

3 wait (min) 




64 usee 
64 usee 




Wait number 64 usee means that a wait of a 1 line component display is required. (If 
access to the palette competes with the CPU and VDP, a wait of a 1 line component is 
required in the CPU side.) 



• 
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VDP Register 

SH2 (Read /Write) 
68 K (Read) : 
68 K (Write) : 

System Register 

SH2 (Read/Write) 
68 K (Read/Write) 

Boot ROM 

SH2 (Read) : 



5 wait (const) 
2 wait (const) 
wait (const) 



1 wait (const) 
wait (const) 



1 wait (const) 




Ji. **Q*Jv ^i 




• SDRAM Access Time 

The 32X SDRAM is specialized for the "replace" in the case of the SH2 cjijghe miss, 
and read transfers in the 8 word burst mode* while write rransfef^ip tB?l word 
single mode. Access rime is fixed at the following values: 

Read: 12 Clock / 8 Word 

Write: 2 Clock / 1 Word 



8- Word burst mode of read is a read opera||inmat takes data in batches of 8 
word components from the first address specif ieri bv the word address. Because 8 
word corresponds to a single line cache, tftltejifiil beibnrormiry.prVitt a cache 
miss-hit occurs and line data is replaced. But whenjKe SDRAM is read using cache- 
through, even if the data to be read is only a single 'Word, the access operation to the 
SH2 SDRAM is 8- word -burst-read-fixed, and action time is required by that amount. 
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5.1 Boot ROM 



The Boot ROM is an SH2 execution object that is loaded in 32X as ROM, and is 
different in content with respect to the master CPU and slave CPU. SH2 itself sleeps 
until activated by the Mega Drive side initial program. After the Boot ROM is reacti- 
vated, security (see 6.3 Security) is executed by the master CPU; and if OK, the Initial 
program is executed after the initial data (application program) is loaded from the 
ROM cartridge to SDRAM. 



• 



initial Data Load 



Address 3C0H to 3EDH of the ROM cartridge is called the user header. Shown in 
Figure 5.1 below are parameters of the initial data load given by the format. 



MARS User Header ($0003c0) 



MarslniiHeader 



dl 
dl 

dl 

dl 




db 'MARS CHECK MgD 



$0000 
S00004000 

$08000120 

$06002000 





; source., ad dress 
; desfinaficm address 
;sizo 



^£H2 (Master);Start address 

.SR2, (Slave) start address 



S06000000 
$06002000 





laster) vector base address 
; SH2 (Slave) vector base address 




Figure 5.1 Example of User 

The source a8lj|ss is the byte address in which the ROM cartridge lead is 0. The 
destination address- is the byte address in which the DRAM lead is 0. Size is indi- 
cated by number of bytes. Because the boot ROM loads the initial data in long word 
units, an address error will occur if the address is not set by the long word bound- 
aries. Size must be treated in multiples of four. An address error will also occur if 
the start address and vector base address are not set within the long word bound- 
aries. 
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Mega Drive and SH2 Synchronization 

The Boot ROM flow chart is shown in Figure 5-2. The "comm 0, 4, 8" reference in the 
figure below refers to communication ports on the 32X. Immediately before an 
application starts, SH2 master writes "M_OK" (ASCII code 4 bytes) and SH2 slave 
writes "S_OK" to the communication port. The Mega Drive side executes the initial 
program (See 5-2 Security) at this time. To be able to synchronize the Mega Drive 
and SH2 with the application, these must be cleared when moving the Mega Drive 
side to the application. The SH2 side waits until it is cleared. 



f~ Boot (Master) j 



General Purpose 
Register initialization 





( Application Start ) 




Figure 5.2 Flow Chart of Boot ROM (Master) 
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5.2 Security 

Initial Program 

The Initial program performs hardware security and everything required upon 
resetting in order to equalize all hardware conditions when the Mega Drive and 32X 
are powered on. In the application program for 32X, the initial program 
(ICD_MARS.PRG) that replaces the one used by the current Mega Drive must be 
included. This program is executed immediately after the power is turned on or 
reset by the Mega Drive side. After activating SH2 from the sleep, the Mega Drive 
and 32X hardware are initialized and their applications executed. 

Security 

The initial program must begin from the start of the program (address 3F0H) with- 
out change. The Boot ROM built into 32X confirms that the Initial program is pro- 
vided here. When contents do not match, 32X becomes locked arid access cannot be 
done from the Mega Drive side. 

Be aware that release cannot be done if the initial progra^has been changed or if 
the initial program is not entered from the start. 






• 
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Included in the Initial Program 



A list of the Mega Drive side sample program is shown in Figure 5.4 below. The 
initial program (ICD_MARS.PRG) appears in italics. 



• MARS Sample Program 

• Mega Drive Main Routine 

• Copyright SEGA ENTERPRISES, LTD 1994 



* CS Hardware R&D Dept. 

■ 



'global define 
xref _colordata,_cotoroarcg 
xref cramdma.vramdma.vdpmit 



; add. asm 
; vdp.h 



include file 
.include md.i 
.include mainwk,ass 
.include m_const.ass 

.symbols 
.list on 



Mega Drive Map 
WorkRAM Assi 

Constant or Macro 



; Vector / Mega Drive ID / Mars Initial P 



.include header.prg 
.include icd._mars.prg 



; Mega Drive & 32X;Header 
; Sega Designathn^h^al P 





............... 




ecurity 




Figure 5.4 MAINPROG.ASM 



• 
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5.3 Restrictions 




1- When performing SH2 auto request DMA, both master interrupt and slave 

interrupt must be masked. If DMA is performed by both master and slave at the 
same time, one side of DMA will perform very slow until the other side of DMA 
is finished. 



2. Since starting the interrupt process may take longer while executing auto re- 
quest, VDP cannot be accessed within H interrupt while DMA isoccurring. 
When PWM is used, data write may not happen in time. As a result, when either 
master or slave controls PWM, or when VDP is accessed in H interrupt, auto 
request DMA cannot be used. 

3. Because the time required for the SH2 interrupt to be received &pe^% on the 
status of the execution, when a high level interrupt is applied fllUowing a low 
level interrupt, the high level interrupt may be received tick regardless of the 
interrupt sequence. Therefore, care is required regardini^ferSrupt immedi- 
ately prior to V interrupt and PWM interrupt. 
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4. When performing CPU write DMA, full bit should be checked for every four 
words written. This is because the response to the SH2 side DMA may be 
longer than the 68K access cycle, depending on the access status. 

5. When accessing the palette in the packed pixel and run length modes, access 
needs to be done before lus in which the PEN bit changes "1" to "0". Because 
VDP ignores this access interval, data can not be ensured for both write and 
read. 





Precautions When Using 32X SH2 (SH7095) 

If the following operations are performed, the operation that follows can not be 
guaranteed. 

1. Do not use the TAS command with the 32X. 

2. Do not use the sleep command in an application^ 

3. Do not access the bus state controller (FHTF^^^FFFFFFFH) in an 
application. 

4. Internal reset should not be done by^gSvatcBdog timer" in an application 

5. Do not access the standby control regis^^^^#E91H) in anapplicatioa 

In addition, the following conditions ej 

1. Do not manually reset the 

2. NMI is fixed to "H" in th§32X, 
(Items that can be used dlj||p$ihg ojf the devejgpl|ent tool also exist.) 

3 Serial communication is connecte&Jltween tff| malfer and slave Because 
the serial clock is also connecte^ffcan be useciin cEcksfhchronization if 
one side outputs and &e other side input 
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PJease make the following setting in response to use when transferrins with 
DMAC of SH2. 

1. Transfer from DREQ FIFO to memory (channel is used by external request). 
DMA Source Address Register (FFFFFF80H) 

-> 20004012H fixed 
DMA Destination Address Register (FFFFFF84H) 

-* optional 
DMA Transfer Count Register (FFFFFF88H) 

- same value as DREQ Length Register (200G4010H) 
DMA Channel Control Register (FFFFFF8CH) 

~* 0100 0100 1110 0XXXB (fixed except for X) 

DMA Request /Response Select Control Register (FFFFFE71H) 

-* 00H fixed 
DMA Operation Register (FFFFFBOH) 

-* optional 



• 



Transfer (channel 1 is used by external request) fro 
(pulse width register). 

DMA Source Address Register 1 (FFFFFF90H) 
-* optional 

DMA Destination Address Register 1 (FFFFFF94 

-* 20004034H - 20004038H 
DMA Transfer Count Register 1 (FFFFFF98H), 

-♦ optional 
DMA Channel Control Register 1 (FFFFFF9CHy 

-» 00XX 0100 1110 0XXXB (fixed except fdrX) 

or 00XX 1000 1110 0XXXB (fixe%except for X) 
DMA Request /Response Select Ga&tral Register 1 (F 

-# 00H fixed 
DMA Operation Register (FEffiSOH) 

-» optional 




MFIFO 




3. Transfer (channels 0, 1 arius^d. by external request) from' memory to memory. 
DMA Channel CoktroL-KegisteV 0/1 (FFFFFF8CH/FFFFFF9CH) 
- XXXX XXI flfeoXXXB (fixed except for X) 



Other registers are optional 
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Restrictions Concerning SH2 Interrupt 

The 32X SH2 has five types of interrupt. 
Level 14 VRES interrupt 
Level 12 V interrupt 
Level 10 H interrupt 
Level 8 Command interrupt 
Level 6 PWM interrupt 

The following restrictions occur when using two or more types of the following 
interrupts along with interrupts through the SH2 internal peripheral module at the 
same time. 




-■ 



1. There should always be 1 or more interrupt masks. Dojigtuse interrupts of level 
15, level 13, level 11, level 9, level 7 and level 1. 





ograms. Use the 



2. The SH2 internal free-run-time (FRT) cannot be 
following values in the initial settings. 

Timer interrupt enable register (TIER) 
Output compare register A (OCRA),|: 
Free run timer control/status regisS 
Timer control register C ^ 



3. External interrupts and the bu^t-irt^eripheral module interrupt jump destina- 
tion vector may be mis-recogruleci. Except for theAonSlaskable Interrupt 
(NMI) and user brake, interrupt veHHls should bellet s<Jtha~#\ey all call the 
same process routine. Atf|ie beginning of thia%^ess ^u^e, individual 
process routines should|^^^d by deciding a^^icMg the SH2 status 
register values. When we^^rml peripheral m|c|jii% assigned the same level 
as the external mtej$ifife»chi|k the indi^ctu^in&upt factor flags by the soft- 
ware and find which interrupt occui 




4. Return 

9,7,an*a,occat 






without doing anythihgjWhen interrupt levels 15, 13, 11, 



5. Until the RTEIipamand is executed after the external interrupt has been cleared, 
two or more cycles should be opened. Clearing external interrupt is done by 
writing to the clear register. When the RTE command is executed, 2 or more 
commands should be done afterward. 
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Numeric 

240 Line Mode 
68toSHDREQ 

Destination address register 

Length register 

Source Address register 



22,30 
22,31 
21,30 





Alphabetic 

Access space indication address 
Adapter control register 
Adapter enable bit 
Address array 
Auto Fill 

Data register 

Length register 

Start Address Register 
Auto request 
Bank set register 
Base clock frequency 
Bitmap mode register 
Blank display 
Boot ROM 

Cache after implementing 

Cache 

Control register 
Through address 
Bit 

Miss hit 
Memory 

Capture 

Cartridge insert condition 

Cartridge ROM 

Color palette 

Code 
Command interrupt 

Clear register 

Mask 
Communication Port 
CPU write 
CS03 
Cycle register 

Data arrav 

Direct color mode 

Display mode 

DMA ' 

DMA write 

DRAM 

DREQ control register 
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Entry address 
External request 

Fill Function 
Frame buffer 

H count register 
H interrupt 

Clear register 
Horizontal scroll 

Initial data 
Initial program 
Internal SCI 
Interrupt 

Control register 

Mask register 
IRL interrupt 

L ch pulse width register 
Line inner byte address 
Line length mode 
Line table format 

Mask 

Mega Drive I/F 

Mega Drive screen and synthesis 

Mega Drive side system register 

Mono pulse width register 

NTSC format 

Overwrite image 

Packed pixel mode 
PAL format 
Palette access 
Priority 

Priority bit -f* 
Pulse width register 
Purge all en 
Purge specific 
PWM 

Control register 

Interrupt 

Interrupt clear register 

Sound source 

Time interrupt mask 

Wave form data played by 

R ch pulse width register 
RISC 
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58 
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Screen priority 
Screen shift control 

Register 
SDRAM 
Security 
Sega TV register 
SH2 
Slave 

Standby change 
32X cartridge 
System register 



46 

49 

36 

9 

84 

23 

58 

60 

30 

8 

19 




Tag address 
User header 

V interrupt 
Clear register 

VDP 

Access authorization 
Access competition 
Configuration of 
Register 

VRES interrupt 
Clear register 

Way 

Write- through 
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